Objectives. This article describes a class project in which a student-created online tool for asynchronous study was compared with 2 nontechnological, problem-based learning formats. The objectives were to encourage self-directed skill development; to address learning style preferences; and to quantitatively and qualitatively assess the relative merits of electronic-based vs traditional problem-based learning (PBL) tools on knowledge and skills building. Methods. Students performed 3 PBL exercises for the same topic: completion of the electronic-based case; research and presentation of situational cases to peers; and creation of cases and answer keys for role-playing with junior students as patients. Educational outcomes and student perceptions from an online survey are reported. Results. Online case scores were similar to other PBL, examination, and course scores. Students felt that teaching their peers and creating cases built knowledge and skills more effectively than completing online cases. Furthermore, teamwork was preferred to working individually. Conclusion. This project gave students a balanced, enhanced knowledge perspective from 3 varied, engaging PBL formats; fostered peer teaching, mentoring, and technology skills; and created insights comparing web-based tools to other methods for autonomous lifelong learning.
INTRODUCTION
Educators are faced with a growing expanse of pedagogical options as sophisticated technological tools become increasingly available. Several critical issues should define appropriate selection and implementation. Curriculum design and evaluation must reflect students' learning needs. Students should be empowered to take responsibility for learning, assess learning preferences, and contribute to the teaching/learning process. Lifelong professional education is primarily self-directed and reflective and involves peer teaching and interdisciplinary networking. How does computer-assisted instruction match learning styles? What are the attendant issues? Where and how do online resources fit wisely, time efficiently, and most effectively into course design?
The author teaches 2 nonprescription medication courses, each with an enrollment of 140, for second and third year students at the Faculty of Pharmacy, University of Toronto. They focus on delivering pharmaceutical care to patients with mild or self-limiting conditions. Enabling and reinforcing strategies include faculty mentorship for problem-based, student-directed, small-team learning; peer teaching; experiential assessment (cumulative, objective, structured clinical examination [OSCE]); and course-specific Web sites offering interactive tools.
In such a format, enriching breadth and depth of teaching involves attendant challenges within the limitations of class size, time, and resources. While innovative teaching methods over the last decade have explored creative ways of modifying both problem-based learning and computer-assisted instruction, few efforts comparatively assess the results on educational outcomes and student acceptability. To investigate these impacts, a 2-phase project was undertaken. In the first phase, described in a previous edition of the Journal, 1 a web-based instructional problem-based learning (PBL) project completed by a second-and a third-year class created an interactive therapeutic case tool. In the second phase, described in this article, a subsequent third year class performed 3 different exercises, of which one was non-PBL and web-based, and two were PBL and non-web-based: completion of a published electronicbased (e-based) case (non-PBL) from phase 1; research and presentation of class situational cases to peers; and creation of mock case-and-answer keys for role playing exercises in which junior students were used as patients. These 3 formats represented inductive and deductive approaches, providing a balance of the 4 different learning styles described by Kolb's inventory: reflective observation (perceivers), concrete experience (feelers), active experimentation (changers), and abstract conceptualization (analyzers). 2 Comparisons of the 3 exercises involved both qualitative data collection (survey evaluation) and quantitative data collection to analyze the relative merits of e-based vs non-e-based 'PBL' tools on knowledge and skills building.
METHODS
A literature search failed to uncover a similar project in which educational outcomes and student acceptability from problem-based learning methodologies were compared with online learning formats among a cohort of users. Nor did a literature search uncover any similar student-generated case resource such as the 'VITAL' project, although many examples of casebased approaches can be found online. This indicated a definite need for investigation in this area.
The learning goals were as follows: to facilitate acquisition of the knowledge and skills required to meet course objectives via 3 active or modified problembased learning formats; to identify learning style preferences; to facilitate self-directed learning; to provide synchronous/asynchronous and individual/team educational opportunities; to enhance proficiency in webbased technology; to gather comparative data on the results of the 3 teaching formats; and to provide insights into how online resources should be most judiciously implemented into course design.
Project Description
The project involved students experiencing and assessing the online resource compared with 2 different non-web-based PBL approaches for the same topic.
Completion of an online case. The first exercise was the completion of an online interactive case (created as a PBL exercise by a previous class in phase 1 by each student). Each topic in this web-based interactive tool of 28 lessons begins with defined, inclusive learning objectives and a list of published and online references. The case-based, multimedia-enhanced lesson consists of an introductory abstract and sequential, multiple-choice questions. Cases provide one or more clinical case histories or medically important situations with corresponding relevant, instructive questions. User feedback included summaries about degree of accuracy, clarifying explanations for incorrect or partially incorrect responses, and references and online links for further discovery. Cumulative scoring appears on each page (Figures 1-2) .
All instructions were provided online. Students accessed the site through a link on their course homepage, completed the appropriate case, and submitted their answers online. The program graded the answers and recorded the results in a database accessible to the instructor.
Research and peer teaching of situational patient cases. The second exercise involved study of situational patient cases contributed from the practice experience of the pharmacist instructor or guest facilitators. Student teams researched, "solved," and taught the content to their peers during scheduled classroom time. This was also the alternate PBL exercise used in phase 1. (In the previous phase, the preceding class was divided into 2 sections in their second year. One section created 14 online cases; the other section completed the alternate PBL project for the same topic. In their third year the 2 sections of students switched assignments, with each group completing 14 more topics.)
Each topic was presented in a 65-minute session. In the first 20 minutes, patient, disease, and therapeutic issues were reviewed by the preassigned team of 5 or 6 students in a PowerPoint presentation subsequently posted on the Web site. The course instructor or a guest facilitator then led a 25-minute interactive discussion about the case. Class members, the presenting team, and a second team who had prepared the case in order to assess the presentation, supplied answers as the panel of "experts." The entire class then developed a patient plan by voting for various choices.
The instructor supplied lesson objectives and 1 or 2 relevant, recommended references to "quick start" the team's background reading. Written submissions were graded 2 weeks before the scheduled class, and detailed assessment was provided electronically within 1 day. All written and audiovisual work from presenting students was posted on the course Web site.
The presenting team was required to provide an extensive, current literature review with the completion of the patient work up, citing all references used. Handouts of the first half of their work excluding their patient plan, and any necessary revisions were distributed at the beginning of class. One student from the team portrayed the pharmacist during the following mock-case roleplaying exercise, using demonstration products from the 2 laboratory. A 1-page summary of the topic issues for the oral examination study was also prepared and submitted for Web site posting.
Creation of mock cases/answer keys for class role-play. For the third exercise, teams created mock cases that integrated the course learning objectives. These were delivered in an impromptu role-playing exercise between a class member and a first year student trained as a standardized patient by the team. The intent was to contrast the mock case with a situational case; to provide a different patient example for the same topic; and to reinforce practices for the summative OSCE examination.
This assignment was completed by the team that assessed the class presentation of the situational case, and that had also prepared an appropriate patient plan for that case. The mock case, as a contrasting example, could vary in terms of the patient's age, gender, risk factors, drug-related problems, or disease expression, or could involve an incorrect diagnosis. The role-play occurred immediately following the 65-minute class case. The interaction was 15 minutes; 10 minutes for the interaction between pharmacist and patient and 5 minutes for feedback from these 2 participants, the creators of the case, the class, and the instructor. The rating scale for the OSCE was used as feedback for the interaction.
Two weeks before the scheduled class, the students submitted a description of the patient role and an answer key to the instructor. The instructor then reviewed the materials and provided a detailed assessment online for the students within 1 day. The team conducted an extensive search of the current literature on their topic. They followed a standardized form to create their patient role and their detailed answer key, incorporating revisions following instructor feedback. They contacted and trained the first year student, who was selected from a list on the course Web site, notified the instructor of the student's name, provided props as necessary, and timed the class role-playing exercise. A self-assessment form on their work was completed as well as an assessment of team dynamics.
Comparison. After completing all 3 exercises, each student completed an online survey, comparing the exercises with respect to knowledge and skills building. Student performance scores on each exercise were compared with other outcome measures, as had been done for the phase 1 project involving the preceding class.
Performance measures were used to assess the individual effectiveness of each of 3 exercises in phase 2. Both performance and perception measures were examined in a comparison of the 3 formats.
Completion of an online case. Quantitative performance scores were tabulated by the online program.
Grades were not included in the course averages, but the exercise was designated as pass (completed) or fail (incomplete).
Research and peer-teaching of situational patient cases. Student performance was self, peer, and instructor-assessed using the same instrument. Scores from the self-assessment and peer assessments were each worth 12.5%, while the score from the instructor's assessment of the team's performance was worth 75%. The assignment accounted for 10% of the overall course mark. Using the following verbal descriptors, grades were assigned on a scale of 0 to 5: unscorable = 0; marginal/inadequate = 1; weak =2; adequate = 3; good = 4; and superior = 5. Assessment criteria, as outlined on the assessment form, covered content, quality of the information, and quality of the presentation. Each team member confidentially assessed each of the other members and the team's dynamics. Students who were rated by their team as "full participants," received the team grade. Students who were rated as "inadequate participants," received a correspondingly lower grade.
Creation of mock cases and answer keys for the class role-playing exercise. Student performance was self-assessed and instructor-assessed using the same instrument. Self-assessments were not factored into the grading. The assignment accounted for 10% of the overall course mark. Marks were assigned on a scale of 0 to 5, using these verbal descriptors: unscorable = 0; marginal/inadequate = 1; weak =2; adequate = 3; good = 4; and superior = 5 Assessment criteria included: creation of patient role and creation of marking key and class delivery. Team dynamics were assessed as for exercise 2.
Comparison. The performance scores for each exercise were compared with the written and oral (OSCE) examinations and summative course scores for the current and previous years.
Perception. Student perceptions of the relative benefits of each exercise were determined by an e-based survey that included quantitative and free-response sections. Students accessed the survey via the edit page. Quantitative survey questions were graded using a Likert scale, with the response "Strongly Agree" designated by a 5 and the response "Strongly Disagree" designated by a 1. Students were also asked to approximate the number of hours spent on the assignment.
RESULTS

Performance
Course and project averages. Students performed well in both efforts and results. The performance scores of third year student teams on the 3 exercises are listed in Table 1 . The scores on individual examinations and the final course averages from the current and previous year are also presented. Overall, students scored higher 4 Perception. The comparative online survey elicited student perception of the relative benefit of each format in both knowledge and skills building. The survey probed each exercise for a specific effect on either knowledge or skills building, and then asked the students to rank the 3 exercises for that variable. Students felt that all 3 exercises enabled knowledge and skillsbuilding for each determinant surveyed. For both knowledge and skills building, students ranked the exercises in this order: peer teaching > mock case creation > online case submission (4.5) (4.3) (3.4)
DISCUSSION
In this project, third year students used 3 independent learning formats to study the same topic: online cases; research and class presentation of situational cases; and creation of mock cases for role-play. They then completed an online survey. Comparisons of the exercises were made to acquire quantitative (performance evaluation) and qualitative (survey evaluation) insights about the relative merits of e-based non-PBL vs non-e-based PBL tools on knowledge and skills building, while offering students varied learning styles and practice in evaluation techniques. The results were examined to determine the impact of the following issues on curriculum design:
1. Performance: Would students perform differently in each format? 2. Perception: How would students value the 3 formats on knowledge and skills building? 3. Computer Assisted Instruction (CAI): How do online resources match learning styles and fit wisely, time-efficiently, and most effectively in course design?
Discussion of Performance Results
Third year students performed well in all 3 exercises. Data analysis showed no correlations between the online scores and other results, which was to be expected for the following reasons.
All exercises involved independent learning, but were not all traditional PBL formats. The rationale in offering 3 formats was to address the 4 different styles of Kolb's Learning Inventory: reflective observation (perceivers), concrete experience (feelers), active experimentation (changers), and abstraction conceptualization (analyzers). 2 In each of these inductive or deductive approaches, students felt more comfortable, had more experience, or had past academic successes. The results measure different abilities for different learning challenges. The online case requires abstract conceptualization: logical thinking, rational evaluation, and an affinity for technology. Students uncomfortable in this mode may perform less well. Peer teaching of situational patient cases involves the concrete experience mode: concrete, sequential process thinking; presentation skills; self-directed research; teaching; and selfassessment. Creation of mock cases is a traditional PBL exercise in the active experience mode: it requires creativity and selective evaluation. The data affirm that students perform differently in different learning formats, which may reflect their individual strengths or weaknesses.
Other issues affected results. The rigor of each exercise varied. Students achieved higher scores for the online cases, which enable learning in an environment associated with less risk. The iterative nature of the exercise allowed the students to practice before submitting their final answers for grading and the pass/fail assessment was less threatening. Online cases were less standardized: each varied in question design, selection, and difficulty. In contrast, the other 2 exercises followed an established process, and were graded with objective marking criteria by the instructor. Finally, both written and oral examinations test the same material in the same format for all students.
It is difficult to establish whether there is a quantifiable beneficial impact on measured outcomes for the 5 individual projects. Comparing course scores to project scores does not necessarily reflect the impact of the experience since assessment methods for the course are composite and different. These data suggest that offering different learning formats may be an effective way to accommodate different student learning styles.
Discussion of perception results. The free responses reflect students' support and enthusiasm for the learning benefits of all 3, noting that the assignments were "wonderful" and "enjoyable" experiences. They regarded the innovative, problem-based formats as a unique teaching method that provided the opportunity to actively learn content and new skills, and they believed that all of the formats worked equally well and complemented each other.
Most students commented on the unique educational value of each of the projects. Peer teaching and mock case exercises involved research, self-direction, peer teaching, and mentoring, which deepened their understanding. They enjoyed the opportunity to be creative, especially in the mock cases. These 2 exercises, which involved team building, complex task handling, and research skills, alternately changed their perspectives from that of the learner to that of the teacher or the patient.
All agreed that online cases were a unique tool for quick and easy learning and believed they could be best used as an introduction to a topic to address general information before tackling specific issues, or as an effective supplement or a study or review resource for reinforcing concepts and consideration of different patient populations. The web cases were enjoyed as an engaging, more interesting way to learn. Some expressed a desire to create an online case, recognizing the educational value of the research and organization required to construct the case.
Overall, students enjoyed learning with 3 different interactive formats, which engendered creativity and educated others. They acknowledged that while each of the 3 styles of learning was unique, collectively they were extremely effective tools for increasing student confidence and promoting self-learning. Furthermore, the students' feedback encouraged the instructor to continue using all 3 formats for teaching to compel thinking in several dimensions. Students affirmed positive value and the significant role of active learning, regardless of the format. Their perception of learning styles preferences reflected greater understanding of what was required to build knowledge and skills effectively, and the strengths of active research vs online interactive resources. Facilitating their critical appraisal for curriculum design created a sense of confidence and empowerment, working in a perceived state-of-the-art course that was also enjoyable, interesting, and applicable to the profession.
However, the learning styles embraced, the educational outcomes the and students' perceptions of the learning value of the VITAL online tool were very different in phase 1, which used technology to enable the student as teacher in a creative, self-directed, research and team format; vs phase 2, which used the resultant technology tool to facilitate the student as learner in a non-creative, interactive, independent environment. Student perception that all of the active, creative, "student as teacher" exercises (creation of online cases in phase 1 and the second and third exercises of phase 2) prompted higher-order critical-thinking skills, affirm their corroboration of the familiar adage, "I hear and I forget, I see and I remember, I do and I understand." In contrast, the completed online case (exercise 1), solidified their ability to learn facts and remember them ("I see and I remember"). Students affirmed its value as a "student as learner" exercise, by perceiving its usefulness to be firmly in the reinforcement, testing, or assessment mode. There was no inducement to enforce students to be more self-directed with learning provided by hyperlinks. These would deepen knowledge and skills on subsequent iterations, and in implementation for continuing education programs. Students perhaps lacked time to do this, and the efficient use of time is very important in judiciously selecting an exercise for curriculum design that enables the most effective delivery of knowledge and skills. It is interesting to reflect on the peer-teaching exercise used as both the alternate project in phase 1, and as comparative exercise 2 in phase 2. When the online resource was creative (phase 1), students preferred it unanimously as a PBL format. However, when the online resource was noncreative (phase 2) students felt the peer teaching was superior in knowledge and skills building.
Collaborative learning was partially responsible for the project's success in the second and third exercises. This may reflect the value of both networking to enhance knowledge and division of labor for time economy. The efficiency of working in teams is evidenced by the reasonable number of hours spent on the project. In these exercises, students were able to divide the work, discuss the assignment through web conferencing, and meet as needed to coordinate. Portions such as computer skills, efficient writing skills, or content research were assigned based on each team member's expertise. The ease of collaboration within teams may be attributed to the instructor's significant attention to team assignments and to the students' awareness training in interpersonal dynamics and learning styles. Team composition was stratified based on academic averages from the previous year. Each team was composed of a 6 cross section of academic abilities to facilitate mentoring between stronger and weaker students. Students also initially completed a Kolb learning inventory.
Overview of Impact and Implications
The evaluations reflect all 3 formats delivered a student-centered approach that was enthusiastically endorsed. Students actively directed their knowledge and skills; acquired life-long learning principles; were empowered with course design input; built relationships with instructors and peers; and regard the classroom as a "safe" environment. Students exhibit a high level of motivation and energy. Course objectives were delivered in an autologous learning style that incorporated creative and analytical skills, written and verbal communication techniques, and high-order evaluative skills.
Impact of CAI on curriculum design. Computerassisted learning is a significant instructional tool that offers a new level of sophistication. This project's innovative use of technology provided definite student benefits: a novel interactive experience in a convenient, time-efficient manner; a cost-effective supplement to classroom learning, extending beyond class contact hours, a bridge to practice enabling student teaching in continuing education, reaching significant numbers of learners. It is important to determine the relative place of online resources compared with other kinds of PBL for wise and efficient design of curriculum. Students sent a clear message that active learning and peer teaching is transformative for the student in terms of knowledge and skills building. Furthermore, delivery of course objectives in an appealing format through a project that cannot be duplicated by texts or lectures resulted in a positive student experience, since enjoyment enhances learning. Online resources were preferred by students to enhance knowledge and skills when they were offered in a format that promoted active, selfdirected research and enabled the "student as teacher" concept.
Technology was most effectively used in a radically new way with the VITAL project (phase 1) in which the online cases were developed. This active, creative project transformed the educational experience, whereas the completed resource augmented learning. The latter, online tool is certainly an important enabler, enhancer, and reinforcer for self-directed learning across undergraduate and continuing education in pharmacy and in other health disciplines. It offers a learning style that may be fundamentally new, exciting, time-efficient, and enjoyable for the independent learner. Implication for faculty workload and finances. The instructor's time included additional hours for design and programming of the survey and instructions and submission pages; modifications; weekly review of database submissions; response to student questions or technological problems; and tabulation of survey results. The project may entail revisions with future classes. However, students were exposed to 3 times the number of case-based applications of course content in 3 different learning styles, expanding content dimensions beyond instructor-facilitated classroom time.
The plethora of innovative approaches including interactive technology should prompt educators to assess each approach practically, in terms of faculty time, student impressions, and outcome assessments. This comparison may help to make difficult but judicious choices with respect to the most effective and efficient allocation of time and resources.
CONCLUSIONS
The project was intended to afford individual students the opportunity to experience different learning formats and assess their own preferences and performance. All exercises successfully allowed students to actively gain practical experience in knowledge and skills building through active-learning techniques that will carry them forward into reflective practice, choosing the method that best suits them to autonomously direct their own professional development.
Student reaction affirms the positive role of active learning, regardless of format. The exercises undertaken were all interesting, productive, and enjoyable; however, they varied in degree of student-centeredness.
Future modifications of and innovations to these courses will be made in response to student feedback. They will include inter-year and inter-site collaborative teaching efforts that will enhance learning and teaching and raise the standards for practice. Each year, students in these large classes will bring their own creativity and revisions to the framework of these problem-based, pharmaceutical care-based, self-medication courses.
